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Introduction: Bridge Deterioration
 2017 American Society of Civil Engineers’
infrastructure report card: > 9% of the bridges in
the United States were labeled structurally
deficient.
 2016 National Bridge Inventory database: ~20%
of all steel bridges in the United States were
rated structurally deficient.

Introduction: Steel Girder Corrosion

Introduction
 Corrosion in steel girder bridges is caused by:
 moisture exposure
 leakage through deck joints
 frequent use of deicing chemicals during the winter
season in cold regions
 Excessive rust accumulation and metal area loss pose
significant concerns for structural capacity reduction in
steel girders.

Current Load Rating Equation
∅𝑐𝑐 � ∅𝑠𝑠 � ∅ � 𝑅𝑅 − 𝛾𝛾𝐷𝐷𝐷𝐷 � 𝐷𝐷𝐷𝐷 − 𝛾𝛾𝐷𝐷𝐷𝐷 � 𝐷𝐷𝐷𝐷
𝑅𝑅𝑅𝑅 =
𝛾𝛾𝐿𝐿 � (𝐿𝐿𝐿𝐿 + 𝐼𝐼𝐼𝐼)

Φc : condition factor
Φs : system redundancy factor
Φ: resistance factor
R: structural capacity based on the member’s dimensions and section properties
ɣDC : load factor for the dead load
DC: dead load
ɣDW : load factor for the wearing surface
DW: wearing surface
ɣL : load factor for the live load
LL: live load
IM: dynamic impact

Condition Factor Φc and System Factor Φs
Structural Condition of
Member
Fair, Satisfactory, Good,
Very Good, New
Poor, Serious, Critical,
Severe, Failed

NBI Code

Φc

5-9

State DOT
Condition States
CS-1, CS-2

1.0

0-4

CS-3, CS-4

0.95

Superstructure Type

Φs

Welded members in two-girder bridges

0.85

Riveted or bolted members in two-girder bridges

0.90

All other girder bridges

1.00
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Proposed Modified Resistance Factor “Φ”
in Load Rating
∅ �∅ �∅�𝑅𝑅−𝛾𝛾𝐷𝐷𝐷𝐷 �𝐷𝐷𝐷𝐷−𝛾𝛾𝐷𝐷𝐷𝐷 �𝐷𝐷𝐷𝐷
𝑅𝑅𝑅𝑅 = 𝑐𝑐 𝑠𝑠
𝛾𝛾 �(𝐿𝐿𝐿𝐿+𝐼𝐼𝐼𝐼)
𝐿𝐿

Web Thickness Loss

Modified Resistance Factor “Φ”
for Shear
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Conclusions

 Web thinning :

• Reduce effective web cross sectional area
• Increase width to thickness ratio of the web

 A recommended quantitative evaluation
method for steel girder residual shear
strength reduction due to web thinning is
proposed.

Conclusions

 Holes in the web:

• Reduce effective web cross sectional area.
• Structural capacity loss is proportional to the
size of area loss.
• Structural capacity decreases at higher rate
when extending the area loss parallel to the
girder longitudinal direction than extending
the hole dimension parallel to the girder
depth.
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